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(54) Spectrum spread communication synchronization apparatus using frequency offset 



(57) A synchronization establishing apparatus in a 
spectrum spread communication system includes a 
. search section (100, 200, 7, 10), a frequency offset es- 
timating section (11) and a demodulation path selecting 
section (12). The search section (100, 200, 7, 10) cal- 
culates correlation values from a received spectrum 
spread signal, and calculates power values as addition 
values of symbols corresponding to the correlation val- 
ues and power addition values of the power values. Al- 
so, the search section selects larger ones of the power 
addition values to output together with timing data cor- 



responding to the selected larger power addition values. 
At this time, one of the symbols and the power values 
being corrected in phase based on frequency offsets. 
The frequency offset estimating section (11) estimates 
the frequency offsets from one of the correlation values 
and the power values and demodulation timing data to 
output to the search section. The demodulation path se- 
lecting section (12) selects path timings from the timing 
data based on the selected larger power addition values 
and outputs the demodulation timing data indicative of 
the path timings to the frequency offset estimating 
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Description 

[0001] The present invention relates to a spectrum 
spread communication synchronization establishing ap- 
paratus for a receiving section of a radio apparatus for 
a spectrum spread communication. 
[0002] A receiver of a direct spectrum spread system 
basically receives a spectrum spread signal by an an- 
tenna to convert to an intermediate frequency signal or 
baseband signal. Then, the receiver establishes syn- 
chronization with a spreading code signal used in a 
transmitter by the synchronization establishing circuit 
and sends the synchronized spectrum spread signal to 
a dcspreading demodulator. The despreading demodu- 
lator carries out inverse modulation. That is, the de- 
spreading demodulator multiplies the synchronized 
spectrum spread signal by the spreading code. A data 
demodulator demodulates the multiplication result to 
produce a data. 

[0003] The synchronization establishing circuit of the 
receiver needs to carry out a searching operation of a 
pr*sc coincident point with the spreading code and to 
restrict h timing in a predetermined range for establish- 
ing .nd tracking synchronization. 
[0004] Fig 1 shows a conventional spectrum spread 
communication synchronization establishing appara- 
tus Rcfcrnng to Fig. 1, the conventional spectrum 
*n <"**d rorrmunication synchronization establishing ap- 
p*r*!us is composed of a plurality of synchronizing cir- 
cuits 400 Each of the synchronizing circuits 400 is com- 
posed o' a local oscillator 1 , a multiplier, a low pass filter 
(LPFi 2 a sampling and holding circuit (S/H) 3, a corre- 
lating unit 4. and a symbol integrating unit 8. A signal 
cenvcrtng section is composed of the local oscillator 1 , 
the multiplier.. and the low pass filter (LPF) 2 and con- 
verts a received signal from a corresponding antennal 
into a baseband signal. The sampling and holding circuit 
(S/H) 3 samples the baseband signal to store and hold 
and outputs a sampling signal. The correlating unit 4 cal- 
culates correlation between the sampling signal and a 
spreading signal of a spreading code to produce a cor- 
relation value. The symbol integrating unit 5 multiplies 
the correlation value by a theoretical value of a symbol 
corresponding to the correlation value in case that the 
symbol is known or a determination value after demod- 
ulanon in case that the symbol is unknown. Then, -he 
symbol integrating uniL 5 adds the multiplication results 
for a plurality of symbols, and calculates power of the 
addition result for the plurality of symbols to produce a 
power value. 

[0005] The spectrum spread communication synchro- 
nization establishing circuit is further composed of a plu- 
rality of path search sections 1 0 respectively provided 
for the synchronizing circuits 300 and a demodulation 
path selecting section 12. Each of the path search sec- 
tions 1 0 adds the power values for a plurality of slots to 
produce a cower addition value, and selects larger ones 
of the power addition values in order to outputs timings 
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corresponding to the selected power addition values. 
The demodulation path selecting section selects a de- 
modulation reception timing from the timings outputted 
from the path search sections 1 0 based on the selected 
5 larger power addition values and outputs a demodula- 
tion path data. 

[0006] In the spectrum spread communication syn- 
chronization establishing apparatus, a spectrum spread 
signal is received by the antenna, and then is converted 

io into the baseband signal by the local oscillator 1, the 
multiplier and the low pass filter (LPF) 2. Subsequently, 
the sampling and holding circuit (S/H) 3 samples the 
baseband signal for every 1/2 chip and supplies the 
sampled signal to the correlating unit 4 via a memory. 

15 [0007] The correlating unit 4 is generally composed 
of a matched filter. The correlating unit 4 multiplies the 
spreading code for one symbol of the sampled signal 
read out from the memory by the preset spreading code 
for one symbol for every chip and outputs a summation 

20 of the multiplication results as a correlation value. This 
operation is carried out at a plurality of sample points, i. 
e., a plurality of paths which are shifted by 1/2 chip, 1 
chip, 3/2 chip, and so on. The respective correlation val- 
ues are outputted. Therefore, the correlation values cor- 

25 responding to the plurality of paths are outputted from 
the correlating unit 4. 

[0008] In the symbol integrating unit 5, a symbol sig- 
nal obtained by carrying out a despreading operation in 
the interval of 1/2 chip is inversely modulated. That is, 

30 the symbol signal is multiplied by a theoretical value for 
a symbol in case the symbol is known in a transmission 
sequence or a determination value determined after de- 
modulation in case that the symbol is unknown. Then, 
: the multiplication results are added for a plurality of sym- 

55 bols for every path so as to carry out symbol integration. 
It should be noted that the whole or a part of the symbol 
contained in a slot is used for the symbol integration. 
The power value of the integrated addition value is de- 
termined and outputted to the path search section 10. 

40 [0009] The path search section 10 adds the power 
values for a plurality of slots to produce a power addition 
value. Subsequently, the path search section 1 0 selects 
larger ones of the power addition values in order to out- 
puts the selected power addition values together with 

45 timing data. The demodulation path selecting section 12 
selects some path timings based on the timing aata and 
the selected larger power addition values outputted from 
the path search sections 10. The demodulation path se- 
- lecting section 1 2 outputs the timing of the path and an- 

50 tenna data to a demodulating section which is connect- 
ed with the demodulation path selecting section 12. 
[0010] As methods for selecting the path in the de- 
modulation path selecting section 12, there are a meth- 
od for allocating demodulation paths in order of larger 

55 average power per one slot, a method for weighting the 
power addition value for each path in accordance with 
the signal to interference ratio (SIR) of the path and al- 
locating the demodulation paths in order of larger 
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weighted power addition values, and a method for se- 
lecting the path in consideration of past changes of the 
power addition values of each path . In either of the meth- 
ods, any one of the paths is selected when the path tim- 
ings are close to each other in case of paths obtained 
from the same antenna. 

[0011] According to the above-mentioned conven- 
tional spectrum spread communication synchronization 
establishing apparatus, an appropriate synchronization 
timing can be established with less erroneous determi- 
nation of a synchronization position. Also, even when 
the synchronization timing is changed, the change is 
able to be tracked. Thus, the receiving quality can be 
improved and it is not necessary to use wasteful strong, 
transmission output on the transmission side in order to 
attain a predetermined receiving quality, resulting in 
suppression of interference. 

[0012] On the other hand, in this kind of receiver, there 
is a frequency offset generated in the transmission path 
due to the Doppler effect or a frequency offset due to a 
frequency error between a receiver oscillator and the . 
transmitter oscillator. If the frequency offset exists, a 
gain cannot be sufficiently obtained due to phase rota- 
tion caused by the frequency offset in in-phase addition 
of outputs from the correlating units 4 for several sym- 
bols. 

[001 3] In addition, when the frequency offset increas- 
es, the sufficient gain cannot be obtained, and con- 
versely, the addition may exert detrimental effects. Con- 
sequently, the number of symbols for the in-phase ad- 
dition must be decreased not to receive influence of the 
frequency offset. 

[0014] In conjunction with the above description, a 
search and establishing method of a code division mul- 
tiple access signal is disclosed in Japanese Laid Open 
Patent Application (JP-A-Heisei 11-313382). In this ref- 
erence, a code division multiple access signal is re- 
ceived, and a spreading code signal is extracted from 
the received code division multiple access signal. A lo- 
cal spreading code signal is generated and a frequency 
offset is detected between the extracted spreading code - 
signal and the local spreading code signal. Whether the 
received code division multiple access signal is appro- 
priate is determined based on the frequency offset. The 
received code division . multiple access signal is decod- 
ed when it is appropriate. 

[0015] Also, a spectrum spread type receiver is dis- 
closed in Japanese Patent No.. 2672769. In this refer- 
ence, a quasi-synchronizatibn detecting circuit mixes a 
received spectrum spread (SS) signal which has been 
spectrum spread by use of a pseudo r noise (PN) signal 
to a local carrier orthogonai to the SS signal and gets a 
complex baseband signal. A partial correlation calcula- 
tion section divides the complex baseband signal into a 
plurality of partial data and calculates correlations be- 
tween these partial data and corresponding partial PN 
signsls !0 produce partial correction signals. An abso- 
lute vaiue square summation calculating section calcu- 



lates a summation of squares of absolute values of the 
partial correlation signals and outputs a correlation ab- 
solute value square summation signal. An initial syn- 
chronization establishing and tracking section detects a 
5 repetition period of the PN signal contained in the re- 
ceived SS signal based on the correlation absolute val- 
ue square summation signal and output a timing signal 
synchronized with the repeating period. 
[0016] Also, a spectrum spread type receiver is dis- 

w closed in Japanese Patent No. 2698506. In this refer- 
ence, a spectrum spread type receiver receives a direct 
spectrum spread (SS) signal spectrum spread by a 
. pseudo-noise (PN) signal. A quasi-synchronization de- 
tection circuit mixes a reception SS signal and a local 

*s carrier to produce a complex baseband signal. A corre- 
lating unit carries out an operation of the correlation be- 
tween the complex baseband signal and the PN signal. 
An AFC circuit generates an error signal in accordance 
with a frequency offset of the local carrier to the recep- 

20 tion SS signal and corrects the influence of the frequen- 
cy offset of the local carrier in accordance with this error 
signal. An initial synchronization establishing and track- 
ing circuit carries out initial synchronization establish- 
ment and tracking of the PN signal based on -a result 

25 obtained by adding a signal of the magnitude of the cor- 
relation signal and a signal of the magnitude of the error 
signal. 

[0017] Also, a spectrum spread communication syn- 
chronization establishment demodulator is disclosed in 

30 Japanese Patent No. 2850959. In this reference, a 
spectrum spread code synchronous circuit carries out 
demodulation after despreading with a spreading code; 
. when a spectrum spread signal, obtained by spectrum 
spread using the spreading code after modulating a 

35 transmission data and then transmitted is received as a 
reception signal, and demodulated. so as to reproduce 
a reception data. A signal converting section converts 
the reception signal into a baseband signal. A sampling 
and holding circuit samples, stores and holds the base- 

40 band signal and outputs a sampling signal. A first cor- 
relating unit calculates correlation between. the sam- 
pling signal and a spreading signal of the spreading- 
code to produce a first correlation value. A symbol inte- 
grating unit inversely modulates the first correlation val- 

45 ue based on either of a theoretical value of a symbol 
corresponding to the first correlation vajue in esse of tne 
known symbol or a determination value after demodu- 
lation in case of unknown symbol, and adds the inverse 
modulation resutt for a plurality of symbols, and calcu- 

50 lates power of the addition result to produce a power 
value. A short-time integration path.search section adds 
the power values for a plurality of slots and selects ones 
, of the addition results in order of larger power value per 
a slot for the number of first correlating units. A long time 

55 . integration : path search section adds the power value for 
a plurality of slots longer in time than that of the short 
time integration path search section and selects ones of 
the addition results in order of larger power value per a 
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slot for the number of first correlating units. A demodu- 
lation path selecting section selects demodulation re- 
ception timings from the timings from the short time in- 
tegration path search section and the long time integra- 
tion path search section in order of larger power value 
per a slot. A second correlating unit calculates correla- 
tion between the reception signal and the spreading sig- 
nal at the demodulation reception timings to produce a 
second correlation value. A detector detects the second 
correlation value and outputs a detection signal. A signal 
synthesizing section outputs the determination value 
based on a synthesis signal obtained by carrying out 
RAKE synthesis and space diversity synthesis of the de- 
tection signal for each path. 

[001 8] An object of the present invention is to provide 
means for setting a larger number of symbols to be in- 
phase added than a conventional example and enabling 
stable synchronization establishment even in the envi- 
ronment where the frequency offset or noises are mixed 
by using a synchronization establishing circuit in the 
spectrum spread communication receiver which has. 
means for compensating for the phase rotation due to 
the frequency offset generated in the transmission path 
by the Doppler effects or frequency offset for which the 
frequency error of the oscillator between the relevant re- 
ceiver and the transmitter cannot be removed by the de- 
modulator in a synchronization establishing circuit for 
carrying out the path search by the use of the values 
obtained by adding the outputs from the correlating unit 
for several symbols and integrating for a plurality of slots 
as in the case of the synchronization establishing circuit 
in the spectrum spread communication receiver as de- 
scribed above. 

[0019] In order to achieve an aspect of the" present 
invention, a synchronization establishing apparatus in a - 
spectrum spread communication system, includes a 
search section, a frequency offset estimating section 
and a demodulation path selecting section. The search 
section calculates correlation values from a received 
spectrum spread signal, and calculates power values as 
addition values of symbols corresponding to the corre- 
lation values and power addition values of the power val- 
ues. Also, the search section selects larger ones of the 
power addition values to output together with timing data 
corresponding to the selected larger power addition val- 
ues. At this time, one of the symbols and the power val- 
ues being corrected in phase based on frequency off- 
sets. The frequency offset estimating section estimates 
the frequency offsets from one of the correlation values 
and the power values and demodulation timing data to 
output to the search section. The demodulation path se- 
lecting section selects path timings from the timing data 
based on the selected larger power addition values and 
outputs the demodulation timing data indicative of the 
path timings to the frequency offset estimating section. 
[0020] In this case, the search section may include a 
syncnronizrng circuit and a path search section. The 
synchronizing circuit calculates the correlation values 



from the received spectrum spread signal to output to 
the frequency offset estimating section, and calculates 
the power values as in-phase addition values of the 
symbols corresponding to the correlation values while 
5 correcting phases of the symbols based on the frequen- 
cy offsets. The path search section calculates the power 
addition values of the power values, and selects larger 
ones of the power addition values to output together with 
the timing data corresponding to the selected larger 
io power addition values. In this case, the synchronizing 
circuit may include a signal converting section, a sam- 
pling and holding circuit, a correlating unit and a symbol 
integrating unit. The signal converting section converts 
the received spectrum spread signal into a baseband 
1 $ signal. The sampling and holding circuit samples and 
holds the baseband signal to output a sampling signal. 
The correlating unit calculates the correlation values 
from the sampling signal. The symbol integrating unit 
inversely modulates the symbols with predetermined 
20 data and calculates the power values as the in-phase 
addition values of the symbols values while correcting 
phases of the symbols based on the frequency offsets. 
[0021] Also, the search section may include a syn- 
chronizing circuit, a slot integrating unit and a path 
25 search section. The synchronizing circuit calculates the 
correlation values from the received spectrum spread 
signal to output to the frequency offset estimating sec- 
tion, and calculates the power values of the symbols. 
The slot integrating unit calculates the power addition 
30 values of the power values while correcting phases of 
the symbols based on the frequency offsets. The path 
search section selects larger ones of the power addition 
values to output together with the timing data corre- 
sponding to the selected larger power addition values. 
35 in this case, the synchronizing circuit may include a sig- 
nal converting section, a sampling and holding circuit, a 
correlating unit and a symbol integrating unit. The signal 
converting section converts the received spectrum 
spread signal into a baseband signal. The sampling and 
40 holding circuit samples and holds the baseband signal 
- : to output a sampling signal. The correlating unit calcu- 
lates the correlation values from the sampling signal. 
The symbol integrating unit inversely modulates the 
symbols with predetermined data and calculates the 
45 power values of the symbols. 

[0022] In another aspect of the present invention, a 
method of establishing synchronization in a spectrum 
spread communication system, is achieved by (a) cal-. 
culating correlation values from a received spectrum 
50 spread signal; by (b) calculating power values as addi- 
tion values of symbols corresponding to the,correlation 
values and power addition values of the power values, 
one of the symbols and the power values being correct- 
ed in phase based on frequency offsets; by (c) selecting 
55 larger ones of the power addition values to output to- 
gether with timing data corresponding to the selected 
larger power addition values: by (d) estimating the fre- 
quency offsets from one of the correlation values and 
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the power values and demodulation timing data; and by 
(e) selecting path timings from the timing data based on 
the selected larger power addition values such that the 
demodulation timing data indicative of the path timings 
are produced. 

[0023] In this case, when the (d) estimating is attained 
by estimating the frequency offsets from the correlation 
values and demodulation timing data, the (b) calculating 
may be attained by adding the symbols corresponding 
to the correlation values while correcting phases of the 
symbols based on the frequency offsets, to produce the 
power values; and by adding the power values to pro- 
duce the power addition values. 

[0024] Also, when the.(d) estimating is attained esti- 
mating the frequency offsets from the power values and 
demodulation timing data, the (b) calculating may be at- 
tained by adding the symbols corresponding to the cor- 
relation values to produce the power values ; and by add- 
ing the power values while correcting phases of the pow- 
er values based on the frequency offsets, to produce the 
power addition values. 

[0025] In order to achieve still another aspect of the 
present invention, a receiver in a spectrum spread com- 
munication system, includes m (m is an integer larger 
than 1) search section, a frequency offset estimating 
section, and a demodulation path selecting section. 
Each of the m search section calculates correlation val- 
ues from a received spectrum spread signal,. calculates 
power values as addition values of symbols correspond- 
ing to the correlation values while correcting phases of 
the symbols based on frequency offsets, calculates 
power addition values of the power values, and selects 
larger ones of the power addition values. to. output to^ 
gether with timing data corresponding to the selected 
larger power addition values. The f requency offset esti- 
mating section estimates the frequency offsets from the 
correlation values for a corresponding one of the m 
search sections and demodulation timing data to output 
to the corresponding search section. The demodulation 
path selecting section selects path timings from the tim- 
ing data based on the selected larger power addition val-. 
ues for each of the m search sections and outputs the 
demodulation timing data indicative of the path timings 
to the frequency offset estimating section corresponding 
to the search section. 

[0025] in this case, each of tne m search sections may 
include a synchronizing circuit, and a path search sec- 
tion. The synchronizihjg circuit calculates the correlation 
values from the received spectrum spread signal to out- 
put to the frequency offset estimating section, and cal- 
culates the power values as in-phase addition values of 
the symbols corresponding to the correlation values 
while correcting phases of the symbols based on the fre- 
quency offsets. The path search section calculates the 
power addition values of the power values, and selects, 
larger ones of the power addition values to output to- 
other with the timing daia corresponding to the select- 
ee larger power addition values. In this case, the syn- 



chronizing circuit may include a signal converting sec- 
tion, a sampling and holding circuit, a correlating unit 
and a symbol integrating unit. The signal converting sec- 
tion converts the received spectrum spread signal into 

5 a baseband signal. The sampling and holding circuit 
samples and holds the baseband signal to output a sam- 
pling signal. The correlating unit calculates the correla- 
tion values from the sampling signal. The symbol inte- 
grating unit inversely modulates the symbols with pre- 

10 determined data and calculates the power values as the 
in-phase addition values of the symbols values while 
correcting phases of the symbols based on the frequen- 
cy offsets. . 

[0027] In order to achieve yet still another aspect of 

'5 the present invention, a receiver in a spectrum spread 
communication system, includes m (m is an integer larg- 
er than 1 ) search sections, a frequency offset estimating 
section and a demodulation path selecting section. 
Each of the m search sections calculates correlation val- 

20 ues from a received spectrum spread signal, calculates 
power values as addition values of symbols correspond- 
ing to the correlation values, calculates poweraddition 
, values of the power values while correcting phases of 
the power values based on frequency offsets, and se- 

25 lects larger ones of the power addition values' to output 
together with timing data corresponding to the selected • 
larger power addition values. The frequency offset esti- ' 
mating section estimates the frequency offsets from the 
correlation values for a corresponding one of the m 

^0 search sections and demodulation timing data to output 
to the corresponding search section. The demodulation 
path selecting section selects path. timings from the tim- 
ing data based on the selected larger power addition val- 
ues for each of the m search sections and outputs the 

.35 demodulation timing data indicative of the path timings 
r to the frequency offset estimating section corresponding 
to the search section. 

[0028] In this case, each of them search sections may 
include a synchronizing circuit, a slot integrating unit and 

40 a path search section. The synchronizing circuit calcu- 
lates the correlation values from the received spectrum 
spread signal to output to the frequency offset estimat- 
- ing section, calculates the power values of the symbols. 
The slot integrating unit calculates the power addition 

45 values of- the power values while correcting phases or 
the power values cased on the frequency offseis. Tne 
path search section selects larger ones of the power ad- 
dition values to output together with the timing data cor- 
responding to the selected larger power addition values. 

so in this case, the synchronizing circuit may include a sig- 
nal converting section, a sampling and holding circuit, a 
correlating unit and a symbol integrating unit. The signal 
converting section converts the received spectrum 
spread signal into a baseband signal. The sampling and 

55 holding circuit samples and holds the baseband signal 
to output a sampling signal. The correlating unit calcu- 
• lates the correiaucn values from The samoiing signal. * 
The symbol integrating unit inversely modulates the 
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symbols with predetermined data and calculates the 
power values of the symbols. 

Fig. 1 is a block diagram shows the structure of a 
conventional spectrum spread communication syn- 
chronization establishing circuit; 
Fig. 2 is a block diagram showing the structure of a 
spectrum spread communication synchronization 
establishing circuit according to a first embodiment 
of the present invention; 

Fig. 3 is a block diagram showing the structure of 
the spectrum spread communication synchroniza- 
tion establishing circuit according to a second em- 
bodiment of the present invention; and 
Fig. 4 is a block diagram showing the structure of 
the spectrum spread communication synchroniza- 
tion establishing circuit according to a third embod- 
iment of the present invention. . . 

[0029] Hereinafter, a synchronization establishing ap- 
paratus in a spectrum spread communication system 
will be described below in detail with reference with the 
attached drawings. 

[0030] Fig. 2 is a block diagram showing the structure 
of the synchronization establishing apparatus according 
to the first embodiment of the present invention. Refer- 
ring to Fig. 2, the synchronization establishing appara- 
tus in the first embodiment is composed of a synchro- 
nizing circuit 100, a path search section 10, a frequency 
offset estimating section 1 1 , a demodulation path select- 
ing section 12. The synchronizing circuit 100 is com- 
posed of a signal converting section of a local oscillator 
1 , a multiplier and a low pass filter (LPF) 2, a sampling - 
and holding cjrcuit (S/H) 3, a correlating unit 4 and a 
symbol integrating unit 5. 

[0031] The signal converting section converts a re- 
ceived signal from an antennal into a baseband signal 
to output to the sampling and holding circuit 3. The sam- 
pling and holding circuit (S/H) 3 samples the baseband 
signal to store and hold it and outputs a sampling signal 
to the correlating unit 4. The.correlating unit 4 calculates 
correlation between the sampling signal and a spread- 
ing signal corresponding to a spreading code to acquire 
correlation values. The symbol integrating unit 5 in- 
versely modulates the correlation values. That is, the 
symbol integrating unit 5 multiplies each cf the correla- 
tion values by a theoretical value of a symbol corre- 
sponding to the correlation value in case that the symbol 
is known or a determination value after demodulation in 
case that the symbol is unknown. Then, the symbol in- 
tegrating unit 5 sums the multiplication results for a plu- 
rality of symbols, and calculates a power of the summa- 
tion result to acquire a power value. In the present in- 
vention, when the summing operation is carried out for 
the plurality of symbols in the symbol integrating unit 5, 
the summing operation is carried out to produce the 
rower value whiie correcting the multiplication results 
tor tne phase cnange quantities. 



[0032] The path search section 10 adds the power 
values for a plurality of slots to produce a power addition 
value, and selects larger ones of the power addition val- 
ues in order to outputs to the demodulation path select- 
5 ing section together with timing data indicative of timings 
corresponding to the selected power addition values. 
[0033] The demodulation path selecting section 12 
selects demodulation reception timing data from the tim- 
ing data outputted from the path search sections 10 
10 based on the selected larger power addition values. 
[0034] The frequency offset estimating section 1 1 se- 
lects effective paths from the correlation values output- 
ted from the correlating unit 12 using the demodulation 
path timing data outputted from the demodulation path 
15 selecting section 1 2 and estimates the frequency offset. 
Thus, the frequency offset estimating section 11 calcu- 
lates the phase change quantities from the frequency 
offsets to output to the symbol integrating unit 5 
[0035] Next, referring now to Fig. 2, the operation of 
^0 the present invention will be described. The spectrum 
spread signal received by the antenna is converted to 
the baseband signal at the local oscillator 1, the multi- 
plier 6 and the low path filter (LPF) 2. Then, the base- 
band signal is sampled for every 1/Nc chips by the sam- 
25 pling and holding circuit (S/H) 3 and supplied to the cor- 
relating unit 4 via a memory. The value of Nc preferably 
is 2 or 4. 

[0036] The correlating unit 4 is composed of a 
matched filter. The correlating unit 4 multiplies the 

30 spreading code for one symbol of the" signal read out 
from the memory by the preset spreading code for one 
symbol for every chip and outputs a summation of the 
multiplication results as a correlation value. This opera- 
tion is carried out at a plurality of sample points or a plu- 

35. rality of paths which are shifted in-order by 1/Nc chip, 
and the respective correlation values are outputted. 
Therefore, the respective correlation values corre- 
sponding to the plurality of paths are outputted from the 
correlating unit 4. * 

40. [0037] It should be noted that the correlation values 
for all the paths are outputted in a time divisional manner 
by the correlating unit 4 in Fig. 2. A plurality of correlating 
units 4 may be provided for the number of expected 
paths and each of the correlating units 4 may calculate 

45 correlation between the spreading code for one symbol 
of the signal read out from the memory and tne preset 
spreading code for one symbol shifted by 1/Nc chip and 
output the correlation value for the path. 
[0038] In the symbol integrating unit 5, a symbol sig- 

so nal obtained by a despreading operation in the interval 
of 1 /Nc chip or the correlation value for each path is mul- 
tiplied by a theoretical value for a known syrnbol in case 
that the signal is the known signal such as a pilot symbol 
in a transmission sequence and a determination value 

55 determined after modulation in case that the signal is 
unknown. Then, the symbol integrating unit 5 corrects 
the phases of the multiplied symoois based or. the 
phase rotation quantities for the frequency offsets sup- 
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plied from the frequency offset estimating section 11, 
and adds the multiplication results for a plurality of sym- 
bols for every path. 

[0039] Because the phases of the symbols to be in- 
phase added are aligned by correcting the inversely 5 
modulated symbol phases, gains of the in-phase addi- 
tion can be utilized. However, the symbol integrating unit 
5 uses all or part of the symbols contained in the slot. 
The power value of the integrated addition value is found 
and outputted to the path search section 10. 
[0040] The path search section 1 0 adds the power - 
values supplied from the symbol integrating unit 5 for a 
plurality of slots. Then, the path search section selects 
several larger power values in order and outputs to the 
demodulation path selecting section .12 together with 
the corresponding timing data. 

[0041] The demodulation path selecting section 12 
selects several path timings based on the power addi- 
tion values and the timing data supplied from the pas 
search section 10, and outputs the demodulation path 
timing data for the selected path timings to a demodu- 
lation unit (not shown) to be connected to the outside of 
the demodulation path selecting section 12. 
[0042] As methods for selecting the path in the de- 
modulation path selecting section 12, there are a meth- 
od for allocating demodulation paths in order of larger 
average power per one slot from all the timings, a meth- 
od for weighting the power addition value of each path 
in accordance with the signal to interference ratio (SIR) 
of the path and allocating the demodulation paths in or- 
der of larger weighted power addition values, and a 
method for selecting the path in consideration of past 
changes of the power addition values of each path, as 
described in the above disclosure. In either of the meth- 
ods, any one of the paths is selected when the path tim- 
ings are close to each other. 

[0043] The frequency offset estimating section 1 1 se- 
lects effective demodulation path symbols from the cor- 
relation values supplied from the correlating unit 4 
based on the demodulation path timing data outputted 
from the demodulation path selecting section 1 2 and es- 
timates the frequency offsets. For the frequency offset 
estimating method, for example, a frequency offset es- 
timating method by delay detection or a frequency offset 
estimating method by F FT (Fast Fourier Transform) is 
used. The frequency offset, estimating method using 
FFT is described in Japanese Laid Open Patent Appli- 
cation (JP-A-Heisei 11-88229). When any of these fre- 
quency offset estimating methods is. used, the frequen- 
cy offset estimating section 11 ^calculates the phase 50 
change quantity based on the frequency offset estima- 
tion value to output the data to the symbol integrating 
unit 5. 

[0044] Fig. 3 is a block diagram showing the spectrum 
spread communication synchronization establishing cir- 55 
cuit according to the second embodiment of the present - 

- -:—:cn. The spectrum spread communication syn- 
chronization establishing circuit .is composed of a plu- 



rality of synchronizing circuits 200 a plurality of path 
search sections 10, a frequency offset estimating sec- 
tion 11 and a demodulation path selecting section 12. 
Thus, the spectrum spread communication synchroni- 
zation establishing circuit has the configuration to ena- 
ble space diversity reception. 

[0045] Each of the plurality of synchronizing circuits 
200 is composed of a signal converting section of a local 
•oscillator 1, a multiplier 6 and a low pass filter (LPF) 2 : 
a sampling and holding circuit (S/H) 3, a correlating unit 
4, and a symbol integrating unit 5 in the first embodi- 
ment. The basic synchronization establishing operation 
by the synchronizing circuit 200 in the second embodi- 
ment is same as that of the synchronizing circuit 1 00 in 
the. first embodiment. Therefore, detailed description of 
the structure and operation. will be omitted. 
[0046] The demodulation path selecting section 1 2 in 
the. second embodiment selects several path timings 
based on the power addition values and the timing data 
supplied from the path search section 10 for each an- 
tenna, and outputs the demodulation path timing data 
for the selected path timings and antenna data to a de- 
modulation unit (not shown) to be connected to the out- 
side of the demodulation path selecting section 12. If 
their path timings are close to one another for the path 
obtained from the same antenna, any one of the paths 
is selected. 

[0047] Fig. 4 is a block diagram showing the spectrum 
spread communication synchronization establishing cir- 
cuit according to the third embodiment of the present 
invention. In this embodiment, like the above embodi- 
ments, the spectrum spread communication synchroni- 
zation establishing apparatus is composed of a plurality 
of synchronizing circuits 300, a plurality of slot integrat- 
ing units 7, a plurality of path search sections 10, a fre- 
quency offset estimating section 1 1 , and a demodulation r 
path selecting section 12. 

[0048] Each of the plurality of synchronizing circuits 
300 is composed of a signal converting section of a local 
oscillator 1 , a multiplier 6 and a.low pas filter (LPF) 2, a 
sampling and holding circuit (S/H) 3, a correlating unit 
4, and a symbol integrating unit 5. The signal converting 
section converts a received signal from an antennal into 
a baseband signal. The sampling and holding circuit (S/ 
H) 3 samples the baseband signal to store and hold it 
and outputs as a sampiing signal. The correlaimg unit 4 
calculates correlation between the sampling signal and 
a spreading signal corresponding to the spreading code 1 
to acquire a correlation value: The symbol integrating 
unit 5 carries out inverse modulation to the correlation 
value. That is, the symbol integrating unit 5 multiplies 
the correlation value by a theoretical value of a symbol 
corresponding to the correlation value in case that the 
symbol is known or a determination value after demod- 
ulation in case that the symbol is unknown symbol. 
Then, the symbol integrating units adds and outputs the . 
multiplication results for a plurality of symbols. 
[0049] One of the slot integrating units 7 correspond- 
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ing to the above synchronizing circuit 300 calculates a 
power value of the addition result while correcting phase 
rotations corresponding to the frequency offsets. 
[0050] One of the plurality of path search sections 1 0 
corresponding to the above slot integrating unit 7 adds 
the power values for a plurality of slots to produce a pow- 
er addition value, and selects larger ones of the power 
addition values in order to output the selected power ad- 
dition values and timing data indicative of timings corre- 
sponding to the selected power addition values. 
[0051] The demodulation path selecting section 12 
selects demodulation reception timings from the timing 
data outputted from the path search sections 10 based 
on the selected larger power addition values and out- 
puts demodulation path timing data. 
[0052] The frequency offset estimating section 1 1 se- 
lects effective paths from the adding results supplied 
from the symbol integrating units 5 correlating unit 12 
using the demodulation path timing data outputted from 
the demodulation path selecting section 12 and esti- 
mate the frequency offsets. The frequency offsets are 
supplied to the slot integrating units 7 for the synchro^ 
nizing circuits 300. 

[0053] Referring now Fig. 4, the description will be 
made on the operation. The operations of the signal con- 
verting section, the sampling and holding circuit 3 and 
the correlating unit 4 of the synchronizing circuit 300 in 
the third embodiment are same as those of the synchro- 
nizing circuit 1 00 in the first embodiment. Therefore, the 
. description will be omitted. 

[0054] The symbol integrating unit 5 of the synchro- 
nizing circuit 300 carries out inverse modulation/That 
is, the symbol integrating unit 5 multiplies a symbol sig- 
nal obtained by despreading in the 1/Ncchip interval by 
a theoretical value forthe known symbol in case that the 
symbol signal is known in the transmission sequence as 
a pilot symbol signal and by a determination value after 
demodulation in case that the symbol is unknown. Then, 
the symbol integrating unit 5 adds the inverse modula- 
tion results for a plurality of symbols and outputs the ad- 
dition result to the slot integrating unit 7. In this case, 
however, the symbol integrating unit uses all or part of 
the symbols contained in the slot. 
[0055] The slot integrating unit 7 corrects the phase 
of the addition value supplied from the symbol integrat- 
ing unit 6 based on the phase rotation quantities by the 
frequency offsets supplied from the frequency offset es- 
timating section 11 . At the same time, or after that, the 
slot integrating unit 7 calculates the power value for the 
addition value, and outputs to the path search section 
1 0. The respective symbol phases to be in-phase added 
are aligned by correcting the inversely modulated sym- 
bol phases, so that gains by the in-phase addition can 
be effectively utilized. 

[0056] The path search section 10 adds the power 
values supplied from the corresponding slot integrating 
unit 7 for a plurality of slots. Then, the path search sec- 
tion 10 selects several larger ones of the power addition 
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values in order and outputs to the demodulation path 
selecting section 12 together with the corresponding 
timing data. 

[0057] The demodulation path selecting section 12 
5 selects several path timings based on the selected pow- 
er addition values and the timing data supplied from the 
pas search section 1 0 for each antenna, and outputs the 
demodulation path timing data indicative of the selected 
path timings and antenna data for the path to a demod- 
10 ulation unit (not shown) to be connected to the outside 
of the demodulation path selecting section 12. The 
method for selecting the path in the demodulation path 
selecting section 12 is the same as that of the second 
embodiment. 

'5 [0058] The frequency offset estimating section 1 1 se- 
lects the addition values for effective demodulation 
paths from the addition values supplied from the symbol 
integrating units 5 based on the demodulation path tim- 
ing data outputted from the demodulation path selecting 

20 section 12 and estimates the frequency offsets based 
on the selected addition values. The frequency offset 
estimating method is the same as that of the second em- 
bodiment. The frequency offset estimating section 11 
calculates the phase change quantities based on the es- 

25 timated frequency offsets and gives the result to the slot 
integrating unit 7. It should be noted that in the third em- 
bodiment, the configuration with only one set of the an- 
tenna, the synchronizing circuit 200, and the slot inte- 
grating unit 7 is allowable. 

30 [0059] According to the present invention, even in the 
environment where there is in addition to noises, fre- 
quency offsets generated in the transmission path due 
to the Doppler effect or a frequency offset for which the 
frequency error of the oscillator between the relevant re- 

35 ceiver and the transmitter cannot be removed by the de- 
modulator, it is possible to set a larger number of sym- 
bols to be in-phase added than the conventional exam- 
ple, since the in-phase addition is carried out using the 
phase corrected correlation values or addition result. 

*0 Consequently, it is possible to utilize the gains obtained 
through the in-phase addition and to provide stable syn- 
chronization establishment to the spectrum spread 
communication demodulation apparatus to be connect- 
ed to the outside. 



Claims 

1 . A synchronization establishing apparatus in a spec- 
trum spread communication system, comprising: 

a search section which calculates correlation 
values from a received spectrum spread signal, 
calculates power values as addition values of 
symbols corresponding to said correlation val- 
ues and power addition values of said power 
values, and selects larger ones of said power " 
addition values to output together with timing 
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data corresponding to said selected larger pow- 
er addition values, one of said symbols and said 
power values being corrected in phase based 
on frequency offsets: 

a frequency offset estimating section which es- 
timates said frequency offsets from one of said 
correlation values and said power values and 
demodulation timing data to output to said 
search section; and 

a demodulation path selecting section which 
selects path timings from said timing data 
based on said selected larger power addition 
values and outputs said demodulation timing 
da'.a indicative of said path timings to said fre- 
quency offset estimating section. . 

2. The synchronization establishing apparatus ac- 
cords ic claim 1, wherein said search section 

Curt yrtsCi . . 

n ^yn^nroni/ing circuit which calculates said 
ccc i:>on values from said received spectrum 
^r'c, 3 qn,it to output to said frequency offset 
ci.!m.,!:nq ccchon. and calculates said power 
v i:jo: ,*< m pn^so addition values of said syrrv- 
s cc responding to said correlation values 
*•*•■■«• zonocimg phases of said symbols based 
or *a i t-r>rju<?ncy offsets; and 
h j-.i— srnrch section which calculates said: 
pc*o' addition values. of said power values, 
a^ j sheets larger ones of said power addition 
v-r-cs tc output together with said timing data 
ccctpondmg to said selected larger power 
a3 j values. 

3. The 5 w^om/ation. establishing apparatus ac- 
cord, nc to claim 2 wherein said synchronizing cir- 
cuit comprises 

a S'TW converting section which converts said 
reccved spectrum spread signal into a base- 
Urtia s-qnal 

a sa'mpiinq and holding circuit which samples 
an j roics said baseband signal to output a 
Snmp -nq signal. 

a co"?ia:ion urit which calculates said correla- 
tion values Iron srfid sampling signal; and 
a tymfoi integrating unit which inversely mod- 
ulate* said symbols with predetermined data , 
and calculates said power values as said in- 
ph,i5c addition values of said symbols values 
while connecting phases of said symbols. based 
on sh d f'cquency offsets. 

4. The synchronization establishing apparatus ac- 
cording tr. r.Uirh 1 wherein said .search section 

corrnrn;?* 



a synchronizing circuit which calculates said 
correlation values from said received spectrum 
spread signal to output to said frequency offset 
estimating section, calculates said power val- 

5 ues of said symbols: 

a slot integrating unit which calculates said 
power addition values of said power values 
while correcting phases of said symbols based 
on said frequency offsets; and 

10 a path search section which selects larger ones 

of said power addition values to output together 
with said timing data corresponding to said se- 
lected larger power addition values. 

15 5.- The synchronization establishing apparatus ac- 
cording to claim 4, wherein said synchronizing cir- 
cuit comprises: 

a signal converting section which converts said 
20 . received spectrum spread signal into a base- 

band signal; 

a sampling and holding circuit which samples 
and holds said baseband signal to output- a 
sampling signal; 

25 an integrating unit which calculates said corre- 

lation values from said sampling signal; and 
a symbol integrating unit which inversely mod- 
ulates said symbols with predetermined data 
and calculates said power values of said sym- 

30 ■ . bote.- ' • '• ■• 

6.. The synchronization establishing apparatus ac- 
. cording to any of claims. 1 to 5, wherein said syn- 
chronization establishing apparatus includes a plu- 
35 rality of said search.:sections, * ■ 'z: 

. r said frequency offset estimating section esti- 

. . mates said frequency offsets for each of said plu- 
rality of search sections. < 

40 7. a method of establishing synchronization in a spec- 
trum spread. communication system, comprising; 

(a) calculating correlation values from a re-- 

j ceived spectrum spread signal; . 

45 (b) calculating power values as addition values 

of symbols corresponding to said correlation 
values and power addition values of said power 
values, one of said symbols and said power val-" 
ues being corrected in phase based on fre- 

50 quency offsets; and 

(c) selecting larger ones of said power addition 
values to output together with timing data cor- 
responding to said selected larger power addi- 
tion values.; 

55 (d) estimating said frequency offsets from one 

of said correlation values and said power val- 
ues and demodulation, timing data: and 
(e) selecting path timings from said timing data 
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based on said selected larger power addition 
values such that said demodulation timing data 
indicative of said path timings are produced. 

8. The method according to claim 7, wherein said (d) 5 
estimating includes: 

estimating said frequency offsets from said cor- 
relation values and demodulation timing data, 
said (b) calculating includes: 10 

adding said symbols corresponding to said 
correlation values while correcting phases 
of said symbols based on said frequency 
offsets, to produce said power values; and 15 
adding said power values to produce said 
power addition values. 

9. The method according to claim 7, wherein said (d) 
estimating includes: 20 

estimating said frequency offsets from said 
power values and demodulation timing data, 
said (b) calculating includes: . 

25 

adding said symbols corresponding to said 
correlation values to produce said power 
values; and 

adding said power values while correcting 
phases of said power values based on said 30 
frequency offsets, to produce said power 
addition values. 
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